The present study aimed at systematically reviewing the role and extent of patient-reported outcomes (PROs) usage within the package of scientific evidence considered for marketing authorization (MA). All regulatory information published by the European Medicines Agency (EMA) for products authorized between January 2008 and December 2012 and appearing in the European Public Assessment Report (EPAR) database was examined for efficacy endpoints. The endpoints here considered included: PROs, clinician reported outcomes (CROs), and laboratory reported outcomes (LROs). LROs were the most frequently reported endpoints. Out of the 180 products here selected, 99 (55%), 67 (37%), and 30 (17%), respectively, used LROs, CROs and PROs as primary endpoints (PEs). PROs as any endpoints were used in 82 (46%) products. Out of these, PROs were documented as PE in 30 (37%), with 27 (33%) products having used PROs both as primary and non-PEs. PRO usage was most frequently identified with nervous system and antineoplastic agents. During the study period, the use of all the three types of endpoints appeared to be static. Both the regulatory bodies and the industry should ensure complete and clear reporting of all endpoints used, including PROs, to improve transparency.
Introduction
The European Public Assessment Report (EPAR) made available by the European Medicines Agency (EMA) contains the index pharmaceutical product regulatory information [1, 2] . It is published with the aim of granting the marketing authorization (MA) for any new pharmaceutical, and it is publicly accessible to allow satisfactory levels of transparency in the decision-making process [2] . The related scientific evidence is described in the scientific discussion part (SDP) and the molecule pharmacodynamics in the EPAR Summary of Product Characteristics (SPC) section. The SPC contains the information about both the clinical study endpoints and the health outcomes used during the evaluation phase of the product [3] .
The regulatory drug approval is based on a range of clinical trial endpoints which are used to determine the biological activity, the clinical benefits, and the molecule safety profile [4] . The traditionally used endpoints include: the clinicianreported outcomes (CROs; e.g., those observed by the physician or which require an interpretation by the physician, i.e., radiography results) [4, 5] ; and the laboratory reported outcomes (LROs; e.g., objective measures performed by instruments) [4, 5] . Finally, the patient-reported outcome(s) (PRO) is a generic term applicable to any health-related data reported directly by the patient without requiring an interpretation by the physician. These data typically include: symptoms, functional status, satisfaction with therapy, or treatment adherence [5, 6] . PRO measures extend the range of patient outcomes that can be assessed beyond the traditional measures of survival rates, clinical efficacy and side effects. Thus, PROs allow researchers to capture the patientÕs perspectives on a range of parameters, including: symptoms, overall health status, and the impact of disease and treatment on quality of life [7] . Healthrelated quality of life (HRQoL) is a specific subset of PROs defined as the patientÕs subjective perception of the impact of disease and treatment(s) on daily life, physical, psychological, social functioning and well-being [7] .
Although CROs and LROs are valuable, they may miss significant components of the patientÕs experience. These endpoints are inadequate in conditions such as pain, depression and fatigue, typically requiring patientsÕ evaluation of their symptoms and health status [8] . PROs are used particularly for products used for treating chronic, disabling and incurable conditions, the treatment of which is administered with the purpose of improving both symptomatology and HRQoL levels [9, 10] .
Arguably, PROs may be considered as primary endpoints (PEs) in drug development for diseases such as cancer, pain, migraine, and irritable bowel syndrome. As non-PEs, PROs are also used in diseases such as depression, insomnia, and asthma. In rheumatoid arthritis and cancer, PROs are used to assess the treatment benefits and tolerability to better assess the medication impact on HRQoL. PROs can also be used in clinical trials to assess treatment satisfaction, compliance, and the caregiver burden [7] . Finally, PROs are also included in safety reporting, as discussed by the patientreported outcomes safety event reporting (PROSPER) consortium [11] . Previous PRO usage analyses have been relatively focused on drug approvals [12] ; labelling claims [5, 13, 14] ; or single assessment tools [15] . PRO measures have also been examined in disease-specific contexts, including cancer [16] [17] [18] and rheumatoid arthritis [19] . Concerns relating to HRQoL increased usage, requirements of internal and external validation, and terminology standardization led to the release in 2006 of a reflection paper by the EMA [20] . This paper has provided broad recommendations on HRQoL usage in the context of already existing clinical guidance documents.
Improvement of recovering and survival rates remains the key target for drug development. However, identifying a range of parameters that can better describe the improvement levels in terms of patientsÕ feelings, overall HRQoL, and/or their overall functioning is an increasingly demanding goal. One could argue that drugs with a similar efficacy may present with different PRO levels, hence, PROs may be seen as an important gauge in the development of new treatment options [21, 22] . The present study aimed at systematically reviewing the role and extent of PRO use within the package of scientific evidence considered for marketing authorization, as documented by the EPAR, over a period of 5 years (2008-2012) . This study also aimed at exploring both the disease areas and the types of PROs being used.
Materials and methods

Search strategy
A systematic comprehensive electronic and manual search was performed herein for all the productlevel regulatory documents (EPAR) published by EMA [23] from January 2008 to December 2012, with a special emphasis given to PROs being used in the regulatory process. The present analysis reviewed the distribution of CRO/LRO/PRO as clinical trial endpoints during the medicinal product approval prior to marketing authorization.
Selection criteria
EPARs of all medicinal products registered with the EMA were individually reviewed. The inclusion criteria were: (i) the index medicinal product, whether approved or rejected, was registered with the EMA during the study period; and (ii) availability of objective documentation relating to efficacy and tolerability endpoints. Exclusion criteria were as follows: (i) the medicinal product was generic, e.g., no clinical efficacy studies had been conducted; (ii) the medicinal product had been approved on the basis of bibliographic data or literature review only; and (iii) in the medicinal product approval procedure, no endpoints were mentioned. Products having the same EPAR but different authorization dates were not considered as duplicates and hence were included in the present review. For the standard definition of HRQoL and PRO, the related EMA [20] and the latest Food and Drug Administration (FDA) [24] guidance were respectively used.
Data extraction
Two authors independently reviewed each EPAR document to assess the appropriateness for inclusion in the present analysis prior to data extraction. The information regarding the endpoint(s) used was mainly extracted from the clinical studies section of both the SDP and the SPC. From each document, the following information was considered: (i) the product brand name and related active substance; (ii) specific clinical indication(s)/disease areas; (iii) primary and nonprimary endpoints; (iv) the authorization date; (v) approved/rejected status; and (vi) marketing authorization holder. The relevant data of laboratory and clinical endpoints were extracted only when used as PEs. PROs were included only if they appeared to be collected in a systematic way from each subject and through the use of standardized procedures.
Data synthesis and statistical analysis
The PEs used here were typically documented as CROs, LROs and PROs, whilst being classified according to the Anatomical-Therapeutic-Chemical (ATC) classification. The PE distribution, either single or in combination, is herein represented in Fig. 1 . The PROs used were herein categorized as primary/non-primary endpoints. An additional analysis of medicinal products using HRQoL as an endpoint was carried out as well. Descriptive statistics were used for documenting the endpoint distribution, with the time-trend of the use of different endpoints for marketing authorization having been analysed using the v 2 test for trends.
Results
Search results
During the study period, a total of 364 medicinal products had been registered with the EMA for getting a MA approval. Among these, 184 were excluded because 124 were generics; 49 were duplicates; 10 had been approved without conducting clinical studies; and with 1 product the endpoint was not mentioned. Hence, 180 products were selected for the present analysis and 174 (97%) of them had received proper MA.
Endpoints
Out of the 180 products here included for the analysis, LRO were respectively used as PE in 99 (55%), CRO in 67 (37%), and PRO in 30 (17%) products, as shown in Fig. 1 . The details of primary and non-PE used in all 180 products are described in Supplementary Table 1 .
PRO usage
On the whole, PROs as any endpoint had been used in 82 (46%) products. Among these 82 products, PROs as PEs were documented in 30 (37%) products; 27 (33%) products used PROs both as primary and non-primary endpoints. Some 52 (63%) of the products preferred PROs as non-PEs. Table 1 describes the domains of PROs used as PEs.
Among those 30 products which documented PROs as PEs, most (18 [60%]) used a list of symptoms, followed by HRQoL in 7 (23%) cases. PROs as PEs were used as the only measurement in 25 (13.9%) products, while in combination with LRO and CRO in 5 (2.7%) products ( Fig. 1) . A range of differences were observed in the level of details provided on HRQoL and PRO measures in the EPAR scientific discussion part. PROs were considered as PEs mainly in specific diseases; for example, self-assessment of pain or changes in seizure frequency. Supplementary Table 2 provides a detailed description of PROs documented in 82 (46%) cases that used PROs as any endpoint. Among 82 EPARs, 60 (73%) reported the use of disease-specific measures, while 45 (55%) used generic instruments. The Health Survey Short Form-36 (SF-36) and its components were the most frequently (e.g., 19 cases; 23%) used generic instrument. SF-36 was used in combination with either disease-specific PROs or other HRQoL instruments in 16 (19%) cases and in isolation in 3 (4%) cases. The most frequently used disease-specific PROs included the visual analogue scale for pain (7 cases; 9%).
Anatomical-Therapeutic-Chemical (ATC) classification
PRO usage herein was frequently identified with antineoplastics, immunomodulators and diseases of the digestive tract, nervous system, and genitourinary system (see Table 2 ). Out of 45 products registered as either antineoplastics or immunomodulators, 25 (56%) products had used PROs, but they were used as PEs in only 5 (11%) cases. All (Tables 3  and 4 ). 
Time-trend of use of endpoints
Discussion
This paper has provided a thorough insight into the PRO usage over a 5-year period post the release of the EMA reflection paper in 2006. It appeared that PRO, as any endpoint, had been used for some 82 (46%) products, although as a primary endpoint was herein considered only for 30 (37%) of them. Conversely, most products had relied on more objective (e.g., laboratory or clinical) data. Overall, these results clearly suggest that PRO usage, for any endpoint, has increased from 34% in the study period 1995-2003 to 46% [12] . Although the EMA reflection paper has provided a range of detailed information relating to the regulatory expectations for any product to be registered [20] , present data seemed to suggest wide levels of variation in PRO usage across different disease areas. The decision to include PROs in any new product information is a multi-factorial one. The increasing levels of PRO use in the industry-sponsored research may be driven by the need to demonstrate differences among competing products in terms of health outcomes relative to expenditures [12, 25] , but also by the major United States (2010) health care law ÔPatient Protection and Affordable Care ActÕ [26] implementation of the Patient-Centered OutcomesÕ Research Institute (PCORI). The distribution of PROs, CROs, and LROs across the range of therapeutic classes reflects current practices on how the diseases are being diagnosed and monitored. Due to the clear value of patientsÕ reports relating to their symptoms, it is important that some products, such as anti-epileptics, analgesics, anti-asthmatics, antiallergics and gastrointestinal agents may consistently take PROs into account. Furthermore, although with agents such as the cardiovascular and anti-diabetic ones the use of laboratory tests/clinical observations may necessarily need to be considered, the use of PRO measures may better complement remaining objective endpointsÕ data.
The most typical domain of PRO use in this study seemed to be the levels of ''symptomsÕ occurrence'', hence confirming previous findings from both the United States [14] and the European Union [27] . This dominance of symptom-based PRO data may be due to the fact that symptoms are the most important and initial impact of many diseases as well as treatments. Moreover, patients can fairly easily quantify the symptomsÕ frequency/severity/duration with the use of simple scales, such as the visual analogue scales and/or the patientsÕ diaries. Overall, present data showed as well that many PROs used for obtaining MA are those which had already been previously validated (e.g., SF-36, EORTC 30) [28] . From this point of view, Shah et al. [29] reviewed the prescription drugs containing the HRQoL terminology approved in the U.S. analyzing the medicinal productsÕ package inserts (PI) and the summary basis for their approval. They identified 18 products (mostly used in oncology), relating to 20 clinical indications, containing mentions relating to HRQoL improvement levels, with the earliest documented approved claim having been in 1989. Most of these products (60%) had used HRQoL measures as non- PEs, and only 1 out of 4 of PI listings used them as PE. Willke et al. [5] reviewed the PRO endpoints in product labels of new medicinal products approved in the U.S. in the time frame 1997-2002. They found that PROs appeared in 64 (30%) labels, with the most typical use having been identified with anti-inflammatory, CNS and gastrointestinal drugs, with a static usage trend. Gnanasakthy et al. [14] reviewed the product labels in the time-frame 2006-2010, and found that 28/116 (24%) products had been authorized with the help of PRO claims. Discrepancies with data herein presented might be explained by differences in both sources and study methods, including: different regulatory agencies involved; different types of productrelated regulatory documents; and range of therapeutic classes reviewed. Indeed, Willke et al. [5] had analysed a range of U.S. product labels where the information described, typically based on a fairly high standard of evidence, can be quoted on the eventual medicinal product promotion material. Conversely, the present analysis had reviewed the EPAR material, which represents a broader document, including roughly the whole amount of data which had been generated as part of the regulatory submission.
Willke et al. had also reported that CROs were the endpoints most typically used (64% of products) in pre-MA studies, followed by laboratory/device endpoints in 50% of cases [5] . Current figures for CROs and LROs were herein respectively 37% and 55% of products. Another study [30] (46%) products containing PROs as part of the pivotal studies were denied. They found that fit-forpurpose and study design, data quality, interpretation, statistical and administrative issues, and lack of demonstrated treatment benefits were the primary reasons for rejection [31] .
Szende et al. [12] reviewed all published EMA guidance documents, product-level regulatory documents and the EPAR database between 1995 and 2003 for HRQoL and other PRO measures. They found that 81 products (34%) included HRQoL/PRO data, with larger levels (32%) of PRO usage relating to antineoplastic agents. Furthermore, Gondek et al. [17] assessed the incorporation of HRQoL and symptom assessment in industry-sponsored cancer clinical trials and related product labels. They found that out of 2704 industry-sponsored oncology trials, 322 (12%) had included a PRO measure. Conversely, out of 70 FDA labels, only 6 (9%) PIs included PRO data. Although their analysis focused on oncology products only, they concluded that the EMA may present, during MA procedures, with larger levels of attention than FDA to HRQoL measures, hence confirming other authorsÕ suggestions [7] . Similarly, Rock et al. [32] found that 9 treatment indications for 7 anticancer therapies had been approved by the FDA based either on symptom palliation or improvement in a functional endpoint, representing 10% of all treatment indications approved during the study period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Overall, over the last decade or so, both the EMA and the FDA have shown increasing levels of interest towards PRO usage during MA procedures [20, 24] . EMA appeared, however, to be more flexible and open to the inclusion of validated and clinically/methodologically appropriate PROs [33] . Indeed, many EMA disease-specific guidelines now require PRO endpoints to be included as secondary endpoints (e.g., the Ankylosing Spondylitis Quality of Life; ASHRQoL) [34] . Furthermore, the EMA has also issued a ÔBiomarkerÕs Qualification ProgrammeÕ that provides a better framework for evaluating clinical trial endpoints, including PROs [35] .
The information provided in the EPAR SDPs reflects only the data which had been considered during the decision-making procedures; hence, some of the information submitted for the regulatory review may be missing. Therefore, it is possible that some pharmaceutical companies had actually included HRQoL measures in their clinical studies, but only some of these data were accepted for mention in either the SDP or the product label.
Many countries prompt formal agencies, e.g., the Health Technology Assessments (HTA) committees, to specifically assess the relative clinical and economic benefits of a range of medications. The HTA committees determine the added benefits of new technologies for the purpose of reimbursement and pricing decisions and/or for drafting of clinical guidelines [36, 37] . In Europe, the patientsÕ perspectives are typically included in the HTA process/decisions [38, 39] . For example, patientsÕ organizations are involved in various aspects of the consultation process of both the German Institute for Quality and Efficiency in Health Care (IQWiG) and the United Kingdom National Institute for Clinical Excellence (NICE) [40] . From this point of view, NICE has recommended to consider the Dermatology Life Quality Index (DLQI) scores, whilst assessing the different medicationsÕ suitability for the treatment of eczema and psoriasis [41] . Similarly, the HRQoL patient scoring on the Adult Growth Hormone Deficiency scale (HRQoL-AGHDA) has been recommended as one of the 3 criteria to assess the patient suitability for the treatment with recombinant human growth hormone [42] .
The importance of PRO consideration has also been emphasized by the U.S. WellPoint Foundation (e.g., a charity providing support for clinical research activities), which has issued a range of formal advice for drug companies on submitting data relating to drug cost-effectiveness; budgetary impact; and assessment of HRQoL improvement levels [25, 43] .
Overall, however, there are a number of obstacles possibly limiting the acceptance of PRO measures by the regulatory agencies. In fact, according to the FDA [31] , the clinical parameters considered must relate to the clinical indications and be of sufficient value for the prescribing physicians to justify their inclusion in the product label. Hence, one could argue that preference would be given to objective clinical data. Indeed, a number of PRO measures are relatively new, lacking normative/validation data [29] . Finally, research sponsors may be interested in limiting the number of endpoints to a critical minimum to improve chances of obtaining the MA.
It is suggested that there should be an increment in PRO usage both as primary and non-PE. Those clinical trials considering the medication benefits as taken from PRO data as well are likely to have a far-reaching impact, being possibly able to attract the attention of stakeholders/patient advocacy groups, which will in turn facilitate access to new/less affordable treatments [24] . Furthermore, to improve transparency levels, both regulatory bodies and industries should ensure complete and clear reporting of all endpoints used, including PRO.
